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INTRODUCTION

This report summarizes the findings of Harding Lawson Associates' (HLA)

evaluation study to assess the feasibility of using biological treatment to remediate

contaminated groundwater at the City Blue Production Facility (CBPF) in Oakland,

California.

The purpose of this study was to evaluate inorganic chemistry and

microbiological constituents in groundwater that would require enhancement in order to

optimize the biological degradation of total peroleum hydrocarbons (TPH) and the

indicator compounds (benzene, toluene, ethylbenzene and xylenes; BTEX) present in

groundwater, and to perform a laboratory-scale study to evaluate the effectiveness of the

biological treatment process. The laboratory study was designed to:

o Evaluate the existing microbial populations capable of degrading
petroleum hydrocarbons (gasoline).

o Evaluate groundwater chemistry factors that could influence the rate of
biological degradation of petroleum hydrocarbons.

" Perform a laboratory-scale simulation of the biological treatment process
to evaluate TPH and BTEX removal efficiencies for several combinations
of residence time and influent concentrations of TPH and BTEX'

SAMPLE ANALYSIS AND INTERPRETATION Of' RESULTS

Samnle Collection

Two groundwater samples, each approximately 5 gallons in volume, were

collected from the site by HLA field personnel during a site visit on April 9, 1990.

These samples were utilized in the microbial and groundwater chemistry evaluations and

in the laboratory treatment simulation study.

Br2616-H 1 o f 4
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Microbia l  Populat ions in  Groundwater

Each groundwater sample was analyzed in HLA's bioremediation laboratory to

estimate the total number of microorganisms per gram (milli l iter) of sample and, of

these, those microorganisms that have the metabolic capability to use hydrocarbons

(gasoline) as a primary source of carbon and energy. Microorganisms capable of

degrading hydrocarbons were present in each groundwater sample. The percentage of

hydrocarbon- utilizers as a portion of the total population ranged from 0.6 percent to

3 percent. Results of the microbial evaluation of the groundwater samples are

summarized in Table l.

The results indicate that the existing microbial population in the groundwater

contains a subpopulation of microorganisms capable of degrading hydrocarbons.

Stimulation of the hydrocarbon-utilizing microorganisms with the proper nutrients

should increase their percentage of the total microbial population and result in a

significant decrease in the concentration of hydrocarbons in the groundwater.

Microenvironmen tal Factors in Groundwater

A groundwater chemistry profile, which included pH and concentrations of

nitrogen as ammonia and nitrate, phosphorus as orthophosphate, sulfate and dissolved

iron, manganese, magnesium. calcium, and potassium was developed for a composite

groundwater sample. The results of the groundwater chemistry analysis are summarized

in Table 2.

Generally, acceptable concentrations of key inorganic nutrients necessary to

sustain microbial metabolism are as follows:

" Nitrogen as nitrate or ammonia - 20 milligrams (mg) per 100 mg
hydrocarbon

" Phosphorus as orthophosphate - 5 mg per 100 mg hydrocarbon.

B12616-II 2 o f 4
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Comparison of the analytical results to microbial growth requirements indicates

that the low concentrations of nitrogen as nitrate or ammonia, and phosphorus as

orthophosphate are probably limiting the potenljal for microbial degradation of the

petroleum hydrocarbons. Therefore, stimulation of the indigenous microbial population

capable of degrading petroleum hydrocarbons will require the addition of nitrate or

ammonia and phosphorus in a form readily available to the microorganisms.

Bio loqica l  Treatment  Simulat ion

A laboratory scale treatment system was constructed to simulate conditions under

which the bioremediation process would be operated in the field. The treatm€nt system

(Figure l) consisted of a bench-scale bioreactor equipped with appurtenances for oxygen

and nutrient additions. A composite groundwater sample containing petroleum

hydrocarbons was pumped to the bioreactor at several specified rates over the

three-week treatment period to determine the flow rate for optimum biological

degradat ion of  the petro leum hydrocarbons.

Daily influent samples to the bioreactor and effluent samples following biological

treatment were collected and analyzed for TPH as gasoline and BTEX to determine the

degradation efficiency of the bioreactor under specific operating conditions'

additionally, the bioreactor contents were sampled daily and analyzed for microbial

populations. The results of the bioreactor study are summarized in Table 3.

Chemical analysis of the effluent quality from the bioreactor at a liquid retention

time of l8 and l2 hours indicated that the total BTEX removal efficiency of the

bioreactor was greater than 99.9 percent. Additionally, chemical analyses at a liquid

retention time of 8 hours indicated that the total BTEX removal efficiency of the

bioreactor ranged from 96.6 to greater than 99.9 percent.

812616-H 3 o f . l
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SUMMARY AND CONCLUSIONS

The microbial evaluation indicates that the existing microbial population in CBPF

groundwater contains a subpopulatio of hydrocarbon-utilizing microorganisms.

The groundwater chemistry results indicate that low concentrations of the

inorganic nutrienB nitrogen and phosphorus could be limiting the metabolism of the

existing microorganisms capable of degrading hydrocarbons in the groundwater

environment. The addition of these limiting nutrients in conjunction with aeration

should stimulate the growth of the h ydrocarbon-utilizing microorganisms, resulting in a

reduction in the concentration of hydrocarbons in the groundwater.

The laboratory simulation results indicate biological treatment of the groundwater

resulted in a decrease in the total BTEX concentration of approximately 99 percent at

liquid retention times of l8 and l2 hours. Influent groundwater having a dissolved TPH

concentration ranging between 6l and 150 parts per million (ppm) may require post-

treatment in a carbon adsorption system before the treated water may be discharged.

Based on the bioreactor studies it is anticipated that at a liquid retention time of

l2 hours, the maximum total BTEX loading from the treated effluent into the carbon

adsorption system will not exceed 5 parts per bill ion (ppb). Continued groundwater

extraction and operation of a full scale system should result in a decrease of influent

TPH and BTEX concentrations; thus. a reduced hydrocarbon loading rate for the carbon

adsorption system would be anticipated over the duration of the project. These results

indicate that biological treatment of TPH and BTEX in groundwater at the site is

technically feasible and effective. The process data generated from this study will serve

as the basis for design of the full scale treatment system.

B 12616- H 4 o I 4



Table 1. Enumeration of Total and Hydrocarbon-Utilizing
Microorganisms in Groundwater

City Blue Production Facility

A , ro'/"

2.1 1,

HLA
Lab Number

Sample
Designation

Total
Microorganisms

Hydrocarbon- Utilizing
Microorganisms

9 0 -  l 5 3 l

90-  1532

M W - I A

MW-4

53,000 cfu/milli l iterr

880 cfu/milli l iterr

330 cfu/milliliter*

24 cfu/milliliter*

+ cfu/milli l iter. Colony forming units per milli l iter.

B12616- H
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Table 2. Groundwater Chemistry Profile
City Blue Production Facility

(l) Samples taken by HLA June l, 1989, and analyzed by Pace Laboratories, Novato,
California.

(2) Miuigr".r per liter - equivalent to parts per million.

B 1 2 6 1 6 - H

Parameter
Sample Designation

Groundwater Composite(1)

pH
Ammonia-N (mg/l)(z)
Nitrate-N (mgll)
Orrhophosphate (mg/l)
Sulfate (mgll)
Dissolved Iron (mg/l)
Dissolved Manganese (mgll)
Dissolved Magnesium (mg/l)
Dissolved Potassium (mgll)
Dissolved Calcium (mg/l)

6.8

i 1

0.04

5 .1
43
28
46
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Cl ient  Acct :  281
Cl ient Nane: Hardi ng
NET Log No: 1604

Ref :  Ci ty  B lue Pr in t . ,

Lawson As soci ates

Job:18106,010.04

Descri ptor,

t )a te :04-27-90
Page:2

Lab No. and Resui ts

Pararneter

90160001
04-16-90
1700

Reporti ng
Limit. 51034

90i60002
04-16-90
1730

3 ] U J 5 Uni  ts

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PETROLEUM HYDROCARBONS
VOLATILE (|,IATER)
DILUTION FACTOR *
DATE ANALYZED
METHOD GC FI0/5030
as Gaso l  ine

METHOD 602
DILUTION FACTOR *
DATE ANALYZED
Benzene
Ethyl benzene
Tol uene
Xyl enes, total

0.  05

ilt
04-1-o-90

Y I

iio
04-19-90
5,  800
2,400
17,000
14,000

i-
04-19-90

0.  48

i-
04-19-90
7.?

nglL

0.5
0.5

0.5

ug/ L
ug/  L
uglL
ug/ L



Ref :  Ci ty  B lue Pr in t ,  Job:  18106,0 i0 .04

OUALITY CONTROL RESULTS - TOTAL PETROLEUM HYDROCARBONS (watET)

Ci ien t  Acc t :  281
Client Name: Harding Lawson Associates
NET Log No: 1604

Date:04-27-90
Page:3

Lab No. Spike and SPjke
Repl icate Resul ts

(g Recovery)

(-509165) (-50916SR) RPo

98 101 3

93974

9596 1

Parameter

as Gasol  ine

Benzene

Tol uene

Reporti ng
Limi  ts

0 .05

0.5

uni  ts

ms/ L

ug/ L

us/L

B lank
Resul ts

ND

ND

ND



client Acct: 281 Date: 05-02-90
Client Name: Harding Lawson Associates Page: 2
NET Log No: 1661

Ref :  Ci ty  B lue Pr in t  B ioreactor ;  Job:  18106,010.04

DescriDtor, Lab lb. and ResrJlts

R€portirg
Limit 51339 thits

gflm gfimt 901ffi 91ffi6
04-18S Ot-1$€0 04-&S 04-20-90
1730 1245 1n0 1R5

PETru,"BT'I FOKf,AfitsO{S
IOI.ATII.T (MTER)
DlLtfli0'l FAgl0R *
DATE AMTYZE)
MEI}M GC FID/5030
as Gasol ire

MEFM M2
orumfl FAgroR *
OATE AIIAI-YZE)
Benzerp
Etfyl belzerE
Tol uern
Xylms, total

.
I

Ya-n
0.07 ffslL

I
04-A-90
0.6 us/L
u ug/L
lO us/L
0.8 us/L

1
04-m

0.05 0.10

1
04-26{
1 n

t{)
2 q
1.0

lm
u-ffi

110

h
u-nq
5,6m
1,5m
16,m
u,m

1m
04-2ffi
;
t1

,50
M-nq
5,5m
580
i5,m
m,m

0.5
0.5
0.5
0.5



Cl ient  Acct :  281
Client Name: Harding Lawson Associates
NET Log No: 1651

Date: 05-02-90
Page:3

Ref :  Ci ty  B lue Pr in t  B ioreactor :  Job:  18106,010.04

Descriptor, hb ltb. ard Results

901ffi7 901ffi
04-a-90 04-a-!0
1730 Vn

R€porting
Limit 51313 51344

9017m1 9017m2
u-224 U-nq
1R5 1745

l-hits

PEIROI.B.I4 TIYDKf,AREINI5
\fiI.ATII.I MTR)
DIIIINCN FASTOR *
DATE ll,lAtYZE)
l,rFrlm Gc FrD/5030
as Gasol irB

ilErlm 602
I)IIIJIIO{ FACIOR *
DA1E AMI.YZS)
Beruene
EtlVlbenzerE
Toluene
MerEs, total

0.05

n (

0.5
0.5
n (

*

I-ffi

ry
m
a-Tq
4,8m
380
B,0I
9,100

ts
I-ffi
v
2m
u-27-n
5,m
340
14,m
9,3m

1
u-27q

lD nui L

t

M-27q
l0 us/L
lO us/L
lO us/L
1{) us/L

r
M-ng

P
1
M-274
tu)
m
m
to



Cl ient  Acct :  281
Cl lent Name: Hardi ng
NET Log No: 1661

Ref :  c i ty  B lue Pr in t

QUALITY CONTROL RESULTS -

Date:05-02-90
Page: 4Lawson Associ ates

Bioreactor ;  Job:  18106'010.04

TOTAL PETROLEUM HYDROCARBONS (V{AICT)

Reporti ng
Limi ts

0.  05

0.5

n (

Uni ts

ms/ L

ug/ L

ug/ L

Bl  ank
Resul ts

ND

ND

ND

RPD

J

1 1

Lab No. Spjke and SPike
Reol icate Resu I ts

(% Recoverv)

(-51350S) (-51350SR)

97 94

Parameter

as Gasol  ine

Benzene

Tol uene

3 I

96

97

94



Cl ient  Acct :  281
Client Name: Harding Lawson Associates
NET Log No: 1730

Ref :  Ci ty  B lue Pr in t  B ioreactor :  Job:

Date: 05-10-90
Page:2

18106,010.04

PararEt€r

s17m03
oFa-90
17m

Reporlirg
ttuir 51610

Uescriptor, |jb [b. ard Results

m17(ro4 90t7m5 907m6
04-a-90 u-244 04-24-90
1705 1805 1810

51611 51612 51613 LJnits

I
I
I
t
I
I
I
T
t
t
I
I
I
I
t
t
t
I
t

PEIROLH.I'| ]fiImARHI{S
WLANLE O{ATM],
DII.IfTIO\.I FASTOR *
DATE AIIALYZD
MEI}$ M FID/sMO
as Gasol ine

METIm 602
DII.]JIIO{ FACIOR *
DATE AIIAI-\ZD
Benzene
Etlyl beruene
ToluerB
MerEs, total

,m1rml
6-0!-90 05.01-90 6.01-90 05-03-90

109ryPrs/L
ml2m1
G-01-90 05-01-90 05-01S 05-8-90
4,800 lO 4Jm M us/L
540 lO 7n [D us/L
B,mmE,mNus/L
10,m m 16,m [D ug/L

n (
0.5
n q
n q
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Cl ien t  Acc t :  2B l
Client Name: Harding Lawson Associates
NET Log No: 1730

Ref :  C i ty  B lue  Pr in t  B io reac tor ;  Job :

Date:05- i0-90
Page:3

18106,010.04

Descriptor, Lab l\lo. and Resul ts

PardrEter

9017m7
04-25190
lBm

@rting
Limit 51614

907m8 90l7m9
u-m M-ffi
1755 rlb

51615 51616

9017m10
ot-ffi
nn
51617 thits

I
I
t
I
t
I
t
I
t
I
I
I
I
t
I
I
t

PEIRoL3,l4 tfORoCiRBCI\tS
VOLANLE (MTB)
I)IIIJIIO! FASIOR *
DATE AM,I-YZM
Mfl}M GC FID/5030
as Gasol ine

MErlm 602
DIIIINq{ FASIOR "
DATE IIIAI-YZD
B€nzerE
EttVl beraere
Toluere
Menes, total

n n q

m1lm1
ffi.ol-so os-cB-so gol-90 oill-go

I99Pru/L
200 11m1
05"01-90 05-S-90 05-01-90 ffi-01-90
3,7m D 3,3m N0 us/L
I3O ID 1M ND L€/L
9,mm7,mm'rs/L
B,mU9,9mMus/L

nq
0.5
n E

0.5



Ref :  C i ty

C l  ien t  Acc t :  281
Client Name: Harding Lawson Associates
NET Log No:  1730

Blue  Pr in t  B io reac tor ;  Job :  18106,010.04

qALITT CS{TROL OATA

Cal Verf
ReportjrE Stard U
Limits thits Reccrvery

Date :05-10-90
Page: 4

npl icate
Spike * Spike S
Re@very Recwery Rfi)

Elank
Data

Gasol ine
Berzene
ToluerE

0.05

0.5

qALITY COTROL OATA

Cal Verf
ReportirE Stand g
Lirnits units Recovery

7
7
3

99
97
96

106
103
99

M)
M)
ND

104
3l

JZ

ns/L
ug/L
us/L

Elank Sike U
Data Reoo/ery

n"pl i cate
Spike S
Recwery RPD

I
<1
1

YJ
93
94

JZ

98
n

101 [D
%TD
96 ND

rs/L
us/L
us/L

n n q

0.5
0.5

Gasol ire
Beraerp
Toluene



Cl ient No: 28I
Cl ient Name: Harding Lawson Associates
NET Log No: 1753

Ref: City Blue Print Bioreactor: Job:

Date: 05-07-90

Page: 2

i8106,010.04

Descr jp t ,o r ,  Lab No.  and Resu l ts

Parameter Method

90170011
04-27-90
1645

Reporti ng
Limit 57747

90t70012
04-27-90
1650

5i748 Uni ts

I
T
I
I
t
t
I
T
T
I
I
I
T
I
I

PETROLIUM HYDROCARBONS
VOLATILE (WATER)
OILUTION FACTOR *
DATE ANALYZED
METHOD GC FID/5030
as Gasol ine

t4ETHoD 602
DILUTION FACTOR *
DATE ANALYZED
Benzene
Ethyl benzene
Tol uene
Xylenes, total

0 .  05

i-
05-02-90

1l
I
05-02-90
Nt)
ND
ND
ND

;;0
05-03-90

130

ioo
05-03-90
2,800
440
7 ,300
15,000

mg/ L

n q
n (

us/ L
u9/ L
ug/ L
uslL

I
T
I
I



Cl ient  No:  281
Cl ient Name: Hardi nS
NET Log No: 1753

Ref :  Ci ty  B lue Pr in t

Dat,e: 05-07-90
Lawson Associ ates

Page: 3

Bioreactor :  Job:  18106,010.04

Paramet,er

90170013
04-28-90
1250

Reporti ng
Method Limit 51749

Descr iDtor ,  Lab No.  and Resul ts

90170014
04-28-90
r255

51750 [Jn i ts

I
I
I
T
I
T
I
I
I
t
t
I
I
I
I
T
I
t
T

0.5
0.5
0.5
0.5

PETROLEUM HYDROCARBONS
VOLATILE (WATER)
[)ILUTION FACTOR *
DATE ANALYZED
METHOO GC FID/5030
as Gaso l  ine

METHOD 602
DILUTION FACTOR *
I)ATE ANALYZED
Benzene
Ethyl benzene
Tol uene
Xylenes, total

0.05

i-
05-01-90

P
r
05-01-90
ND
ND
ND
ND

ilo
05-01-90

b b

ioo
05-01-90
2,700
92
6,  700
12,000

mg/ L

ug/  L
ug/ L
us/ L
ug/ L



Cl ient, No: ?BL
Cl ient, Name: Hardi ng
NET Log No: 1753

Ref :  C i ty  B lue  Pr i  n t

Date: 05-07-90
Lawson Associ ates

Page: 4

Bioreactor :  Job:  18106,010.04

Descriptor, Lab No. and Resuits

Paramet,er

90180001
04-29-90
2045

Reporti ng
l ' lethod Limit 51751

901B0002
04-29-90
2050

57752 Uni ts

I
I
I
I
I
I
T
T
t
T
t
I
t
T
I

PETROLEUM HYDROCARBONS
V0LATILE (l,lATER)
[)ILUTION FACTOR *
I)ATE ANALYZED
METHOD GC FID/5030
as Gaso l i  ne

METHOD 602
DILUTION FACTOR *
DATE ANALYZED
Benzene
Ethyl benzene
Tol uene
xyl enes, total

0 .05

1

ND

1

05-01-90
ilo
05-01-90

ioo
05-01-90
2, 400
140
5, 500
12,000

ms/ L

0.5

u . f ,
0.5

05-01-90
ND
ND
ND
ND

ug/ L
us/ L
ug/ L
ug/ L

I
I
T
I



Cl  ien t  Acc t :  281
Client Name: Hardjng Lawson Associates
NET Log No: 1753

Ci ty  B lue  Pr in t  B io reac tor :  Job :  18106,010.04

OAUTY CNIROL OATA

Date:05-07-90
Page:5

Ref:

Slank Spike %
Data Recouery

YJ
93
94

92
93
n

101 ru)
%M)
!]6 [I)

ru/L
us/L
usi L

n m

0.5
n (

Gasoline
Belzene
Tol uerB

Spike g
Remvery

Bl ank
Data

Reporting
Limits unlts

Cal Verf
Stand U
Rewery

&"pl icate
Spike fl
Recovery RPO

L

<1
1

AruITY CTNIROT DATA

Cal Verf
ReportirE Stand g
Limits thits Reo/ery

0.pl icate
Spike C
Recovery RPO

ru/L
us/L
ug/L

n r t q

0.5
0.5

Gasol irB
Benzerp
Toluere

95 0.06
87 ND
lffi ND

4
4
6

95
1m
97

98
96
9l



Cl ien t  Acc t !  281
Cl ient Name: Hardi ng
NET Log No: 1860

Ref :  C i ty  E lue  Pr in t

Date:05-14-90
Page: 2Lawson Associ ates

Bioreactor ;  Job:  18106,010.04

Descriptor, Lab No. and Results

ParafiEter

90180003
04-30-90']-743

Reporting
Limit 52343

90180004
04-30-90
1750

5n44

90180005
05-01-90
1645

52345 Uni ts

PETROLEUM HYDROCARBONS
VOLATILE (}'IATER)
DILUTION FACTOR *
DATE AMLYZED
MflHOD GC FID/5030
as Gasol i ne

METHOD 602
DILUTION FACTOR "
DATE AMLYZED
Benzene
Ethyl benzene
Tol uene
Yvlenes, total

1
05-09-90

P
i
05-09-90
ND
ND
ND
ND

250
05-09-90

o l

xo
05-09-90
2,500
ND
4,600
10,000

;-
I

nq-no-an

9,tt
1

05-09-90
N E
NN

0.6

ug/L
ug/L
us/L
ug/L

rs/L0.05

0.5
0.5
n q
n q



Cl ient  Acct , :  281
Cl ient Name: Hard i ng
NET Log No: 1860

Ref :  Ci ty  B lue Pr in t

Date :05-14-90
Page: 3Lawson Associ ates

Bioreactor ;  Job:  18106,010.04

Descriptor, Lab No. and Results

90180006
05-01-90
1650

Reporti ng
Limit 5nM

90180007
05-02-90
1725

52347

90180008
05-02-90
1730

52348 Uni ts

PETROLEUM HYDROCARBONS
VOLATILE (I.IATER)
DII.TJTION FACTOR *
DATE AMLYZEI)
MEIHOO GC FID/5030
as Gasoi i ne

MEIHOD 602
DILUTiON FACTOR *
DATE AMLYZED
Benzene
Ethyl benzene
Tol uene
Xyl enes, total

ran
05-09-90

c2n'

,5,)
05-09-90

0.05

i-
05-09-90

0.91

1
05-0F90
1.8
0.6
2.8

ru/L

0.5
0.5
0.5

us/L
ug/L
us/L
us/L

?qn

05-09-90
1,800
ND
2,600
13,000

250
05-09-90
1,900
1,700
6,500
30,000



Ci ien t  Acc t :  281
Cl ien t  Name:  Hard ing  Lawson Assoc ia tes
NET Log No: 1860

Ref :  C i ty  B lue  Pr in t  B io reac tor ;  Job :

Date:05-14-90
Page: 4

18106,010.  04

Descriptor, Lab No. and Results

90180009
05-03-90
1745

Reportjng
Limit 52349

90180010
05-03-90
1750

52350

90180011
05-04-90
1815

52351 Units

PETROLEUM HYDROCARBONS
VOI.ATILE (I.IATER)
DII.UTION FACTOR *
DATE AMLYZED
MEIHOO GC FID/5030
as Gasol i ne

MEIHOD 602
DILUTION FACTOR *
DATE ANALYZED
Eenzene
Ethyl benzene
Tol uene
Y\yl enes, total

0.05

;;
05-10-90

t . J

;;
05-10-90
1 7nn

ND
430
I , I U U

to
05-10-90

3:0
500
05-10-90
30,000
4,300
47,000
37,000

,a
05-10-90

tn
05-10-90
1 7 n n

itn

??n

1,200

rs/L

n (
0.5
0.5
n q

uslL
ug/ L
u9/L
us/L



c l ient  Acct :  281
Client Name: Harding Lawson Associates
NET Log No: 1860

Ref :  Ci ty  B lue Pr in t  B ioreactor ;  Job:

Date :05-14-90
Page:5

18 i06,010.04

Descriptor, Lab No. and Resuits

ParafiEter

90180012
05-04-90
1820

Reporting
Limit 52352 uni ts

PFTROLEW HYDROCARBONS
VOI-ATILE (I,iATER)
DILUTION FACTOR *
DATE AMLYZED
MflHOD GC FID/5030
as Gasoline

ME]HO[] 602
DILUTION FACTOR *
DATE AMLYZTD
Benzene
Ethyl benzene
Toluene
YVi enes, total

rns/ L0.05

;oo
05-10-90

180

500
05-10-90
25,000
3,100
39,000
26,000

0.5
0.5
0.5

us/L
ug/L
us/[
uslL



I
I
I
t
I

Ref :

C l ien t  Acc t :  281
Client Name: Harding Lawson Associates
NET Log No: 1860

Ci ty  B lue  Pr in t  B io reac tor :  Job :  18106,010.04

qALITY C(NTROL DATA

Raorting
Limits units

Cal Verf
Stnnd I Biank
Reaoiery Data

Date :05-14-90
Page: 6

S"pl icate
Spike U Spike S
Reco/ery Recovery RPoPardreter

4

1

95
1m

I
YT

96

M)
TD
ND

105
90
YI

rTE/L
ug/L
u9/L

nm
nq
n q

Gasol irE
Beruene
Toluene

T
I
I
t
I
I
I
I
I
I
I
I
t
t



C] ient  Acct :  281
Client Name: Hardi ng
NET Log No: 1915

Ref :  Ci ty  B lue Pr in t

Lawson Associ ates
Date:05-18-90
Page:2

Bioreactor ;  Job:  18106,010.04

Descr ip tor ,  Lab No.  and Resul ts

Parameter

90180013
05-05-90
2105

Reporti ng
Limit 52605

90180014
05-05-90
2110

52606 Uni  ts

T
I
I
I
I
t
I
I
I
I
I
I
I
I
I
t
I
I
I

PETROLEUM HYDROCARBONS
V0LATi LE (l,lATER)
DILUTION FACTOR *
DATE ANALYZED
METHOD GC FID/5030
as Gasol ine

METHOD 602
DILUTION FACTOR *
I]ATE ANALYZED
Benzene
Ethy l  benzene
Tol uene
Xyl enes, total

0.  05

; -
05-15-90

) a

: -

05-15-90
2 7

ND
5.?
390

ilo
05.15-90

110
500
05-16-90
25, 000
3,200
39, 000
23,000

mg/ L

n q
n q

ug/ L
ug/ L
ug/ L
ug/ L



Cl ien t  Acc t :  281
Cl ient Name: Hardi ng
NET Log No: 1915

Ref :  C i t y  B lue  Pr in t

Lawson Associ ates
Date:05- lB-90
Page:3

Bioreactor ;  Job:  18106,010.04

Descr iDtor ,  Lab No,  and Resul ts

Parameter

90190001
05-06-90
1900

Reporti ng
Limit 52607

90190002
05-06-90
1905

52608 Uni ts

I
I
T
I
I
t
T
T
I
I
I
I
t
t

PETROLEUM HYDROCARBONS
VOLATILE (!.IATER)
DILUTION FACTOR *
DATE ANALYZEO
METHOD GC FID/5030
as Gasol  ine

14ETHOD 602
DILUTION FACTOR *
DATE ANALYZED
Benzene
Ethyl benzene
Tol uene
Xylenes, tot,al

0  .05

;0
05-16-90

9:o
100

810
ND
50
2,?00

io0
05-15-90

110
500
05-16-90
25,000
2, 900
39,000
23 ,000

ms/L

0.5
0.5
0.5
0.5

ug/ L
ug/ L
ug/ L
us/ L

I
I
I
I
I



Cl ient  Acct :  281
Client Name: Harding Lawson Associates
NET Log Nor  1915

Ref :  Ci ty  B lue Pr in t  B ioreactor ;  Job:  18106,010,04

MLITY UNIROL DATA

Date:
Page:

0s-18-90
4

ReportirE
Limits thits

Cal Verf
Stard g
Recovery

Spike C
Reovery

hpl jcate
Spike C
Recovery RPD

Blank
Data

Gasol ire
Eenzene
Toluene

0.05

0.5

qAUTY COVIML DATA

Cal Verf
Reporting Stnrd g
Limits units Reoorery

97
93
95

t\D
lo
to

1ts
JL

96

ru/L
ug/L
us/L

Blank Spjke C
Data Remvery

1
<1
2.1

97
93
ql

Dpl i cate
$jke C
Recovery RPD

4
4
10

104
i0l
104

1m
97
94

m
to
M)

88
n
95

us/L
us/L
nu/Ln r T

Beruerp
ToluerB
Gasol irF



t
I
T
I
I
t
I

KEY TO ABBREVIATIONS ANd I,IETHOD REFERENCES

Less than; When appearing in results col um indicates analyte
rct detected at the value follodng, vdrjdr superc*s tle
listed r€porting I imit.

Average; sun of neasurqents divided by ruber of [EasureTErits.

CorEentration in units of milligrdrE of analyte per kj logran of sarple, rct'+reight basis
(parts per nd]l ion).

Concentration in rlnits of miliigr"am of analyte p3r liter of sap1e.

i4illiliters per liter per frur.

lbst probabi e runber of bacteria per one tundrcd milliliters of sap)e,

Not aool icabl e.

l'bt anallzed.

flht detected; the analyte conoentratim is less than appl icable I isted
rsorting l imit.

NephelorEtric turtidi ty units.

Rel ative Dercent di fference. 100 [Val ue 1 - Value 8/nean val ue,

Standard mt ava.i loble"

CorEentration in units of micnrgrars of dnalyte per ki logrdn of sarple, rct1€ight basis
(parts per billim).

Con.entration in units of micrcgrdrs of arnlyte per liter of sdrple.

M.icrs*ros Der centirrEter.

I
I
I
I
I
T
I
T
I
I
I
t

IEAII

rs/Ks Q$D

[E/L

nUUhr

MH{/100 d_

N/A

M

M}

Mru

RPO

SM

us/Ks (ppb)

uslL

urfps/on

l,4ethod References

Metfpds 601 tir{)lsh 625: see "G.ride li res Establ ishirg Test furcedfes
for the Analysis of Pol lutants" U.S. EPA, 40 CFR, Part 136, rev. 1988.

l4ethods 1000 throrsh 9999r see "Test l"lethds for Evaluating Solid
waste", lj.s. EPA sil-846, 3rd editicrn. 1986.

*  Repor t jng  L imi ts  a re  a  func t ion  o f  the  d i  lu t ion  fac to r  fo r  any  g jven sample .
To ob ta in  the  dc tua l  repor t ing  l im i ts  fo r  th is  sample ,  mu l t ip ly  the  s ta ted
repor t ing  l im i t s  by  the  d i lu t jon  fac to r .


